Time-dependent cellular morphogenesis and matrix stiffening in proteolytically responsive hydrogels.
Mesenchymal stromal cells residing in proteolytically responsive hydrogel scaffolds were subjected to changes in mechanical properties associated with their own three-dimensional (3-D) morphogenesis. In order to investigate this relationship the current study documents the transient degradation and restructuring of fibroblasts seeded in hydrogel scaffolds undergoing active cell-mediated reorganization over 7days in culture. A semi-synthetic proteolytically degradable polyethylene glycol-fibrinogen (PF) hydrogel matrix and neonatal human dermal fibroblasts (NHDF) were used. Rheology (in situ and ex situ) measured stiffening of the gels and confocal laser scanning microscopy (CLSM) measured cell morphogenesis within the gels. The assumption that the matrix modulus systematically decreases as cells locally begin to enzymatically disassemble the PF hydrogel to become spindled in the material was not supported by the bulk mechanical property measurements. Instead, the PF hydrogels exhibited cell-mediated stiffening concurrent with their dynamic morphogenesis, as indicated by a four-fold increase in storage modulus after 1week in culture. Fibrin hydrogels, which were used as the control biomaterial, proved similarly adaptive to cell-mediated remodeling only in the presence of the exogenous serine protease inhibitor aprotinin. Acellular and non-viable hydrogels also served as control groups to verify that transient matrix remodeling was entirely associated with cell-mediated events, including collagen deposition, cell-mediated proteolysis, and the formation of multicellular networks within the hydrogel constructs. The fact that cell network formation and collagen deposition both paralleled transient stiffening of the PF hydrogels, further reinforces the notion that cells actively balance between proteolysis and ECM synthesis when remodeling proteolytically responsive hydrogel scaffolds.